A PCR primer set was designed to amplify the 18S rRNA gene from the phylum Ciliophora (ciliates). The pair amplified DNA from 5 organisms representing the major taxonomic groups of ciliates but not from 13 nonciliate organisms. To test the ability of the primers to amplify ciliate rRNA genes from environmental samples, a clone library was constructed from an agricultural soil sample and analyzed. The rRNA gene sequences of all clones were affiliated with the Ciliophora. This newly developed PCR primer set is able to amplify ciliate rRNA genes from soil, and may be useful for the detection and identification of ciliates.
Soil ciliates play an important role in the ecosystem. They occupy a niche in the food web, because they prey on microorganisms, mainly bacteria 8, 13) . Ciliates are also known to stimulate bacterial mineralization of nutrients 4, 11) and regulate microbial biomass 16) and bacterial community composition 10) . Microscopic studies on soil ciliates have focused on diversity 7, 14) and biological indicators 7, 8) . Consequently, the potential of these organisms has not been fully exploited. The identification of soil ciliates has traditionally relied on dilution culture techniques and subsequent use of the most probable number method (MPN) 5) , or direct count method 1, 2) . Both methods are carried out with a microscopic technique 1) . The application of molecular techniques that use universal primers to target microbial eukaryotic small subunit ribosomal RNA genes is thought to have helped in understanding natural eukaryote communities 9) and has significant advantages, e.g., convenience, high-throughput, and considerable savings in time. However, there is no report on the use of specific primers for identifying ciliates. In the present study, we developed a specific PCR primer to amplify the rRNA gene from ciliates and demonstrated the use of this primer by examining the ciliate DNA from an agricultural soil sample.
The design of the ciliate-specific primer was based on an alignment of the SSU rRNA gene sequences of 82 eukaryotic organisms (33 ciliates, 31 non-ciliate protozoans, 5 nematodes, 6 fungi, 4 yeasts, and 3 plants); these sequences are available in GenBank (NCBI). The 33 ciliates were selected to represent the 18S rRNA gene sequences of various taxa of ciliate in the NCBI. The alignment was performed with retrieved sequences using the ClustalW program (ver. 1.83) 15) . Conserved sequences within ciliates were identified. The PCR primer identified by this process was CS322F (5'-GATGGTAGTGTATTGGAC-3') (Saccharomyces cerevisiae numbering system, positions 322-339). The specificity of the sequence was examined using the BLAST (NCBI) program 3) ( Table 1 ). The percentage of identical matches between CS322F and ciliate rRNA gene sequences in the GenBank (NCBI) database was determined to be ca. 70%, and ca. 100% of the deposited ciliate sequences. Therefore CS322F has good specificity for ciliate rRNA gene sequences.
To test the ability of the primer CS322F to amplify ciliate rRNA genes, genomic DNA was extracted from pure cultures of 5 ciliates (Blepharisma japonicum, Colpoda sp., Paramecium caudatum, Tetrahymena sp., and Dileptus anser), in all of which the 18S rRNA gene is identical to CS322F, 5 non-ciliate protozoans (Chilomonas paramecium, Ochromonas sp., Chlorogonium sp., Amoeba proteus, and Mayorella leidyi), 4 nematodes (Aphelenchus avenae, Aphelenchoides bicaudatus, Acroberoides nanus, and Pristionchus sp.), 3 fungi (Byssoascus striatosporus, Rhodotorula mucilaginosa, and Tricladium splendens), and 1 yeast (Saccharomyces cerevisiae) by using the bead beating method. The cell pellets were suspended in 500 µl of DNA extraction buffer (0.1 M Tris-HCl [pH 8.0], 0.1 M EDTA, 0.1 M sodium phosphate, 1.0% sodium dodecyl sulfate, and 0.5 mg/ml proteinase K) and incubated at 55°C for 1 h. The resulting solution was added to 0.5 g of sterile glass beads (0.5 mm in diameter) and vortexed for 3 min. The samples were centrifuged at 10,000×g for 10 min, and the supernatant from each sample was extracted with an equal volume of phenol-chloroform-isoamyl alcohol. After ethanol precipitation, the pellet was dissolved in sterile distilled water. The following primers were used to amplify 18S rRNA genes from eukaryotes and ciliates: EU347F (5'-AGGGT-TCGATTCCGGAGA-3') and EU929R (5'-TTGGCAAAT-GCTTTCGC-3'), which is a universal primer set (The European ribosomal RNA database; http://www.psb.ugent.be/ rRNA/index.html), and CS322F and EU929R, which is a ciliate-specific primer set. The PCR mixture consisted of 10×Ex Taq buffer, 0.25 mM dNTP mixture, 0.1 µM primers, 2.5 U of Ex Taq DNA polymerase (Takara, Tokyo, Japan), and template DNA. Amplifications were performed under the following conditions: 1 cycle at 95°C for 1 min followed by 25 cycles at 94°C for 15 s, 60°C for 15 s, and 72°C for 30 s. A final extension was carried out at 72°C for 1 min. Amplicons were analyzed by electrophoresis on a 1.0% agarose gel. For eukaryotes, the 18S rRNA gene of all tested organisms was amplified using the universal primer set (Fig. 1A) , and 18S rRNA gene amplicons of only ciliates were detected using the ciliate-specific primer set (Fig. 1B) . The amplicon from Dileptus anser had a very low intensity, although the DNA sequence of D. anser was identical to that of CS322F. The PCR product from Aphelenchus avenae (nematode) was studied because the DNA sequence of A. avenae is identical to that of CS322F except at one position (substitution of T by G in the sixth nucleotide from the 3' end) and PCR amplification may be performed by force.
To examine the ability of CS322F to selectively amplify ciliate rRNA genes from an environmental sample, a clone library was constructed from an agricultural soil sample and then analyzed. DNA was extracted from agricultural soil collected from a field of the National Agricultural Research Center for the Kyushu Okinawa Region, Miyazaki; with "ISOIL for Bead Beating" used as described by the manufacturer (Nippon Gene, Tokyo, Japan). The rRNA gene fragments were amplified by direct PCR (primer set: CS322F and EU929R) and nested PCR. The following primers were used for nested PCR: EU60F (5'-GAAACT-GCGAATGGCTCATT-3') (The European ribosomal RNA database; http://www.psb.ugent.be/rRNA/index.html) and EU929R for the first PCR, and CS322F and EU929R for the second PCR. All reactions were carried out at 95°C for 5 min, 65°C for 1 min, and 72°C for 3 min. This was followed by 19 touchdown cycles at 94°C for 1 min, 64°C for 1 min (with the temperature lowered by 0.5°C in each cycle), and 72°C for 3 min, and 10 cycles at 94°C for 1 min, 55°C for 1 min, and 72°C for 3 min. A final extension was carried out at 72°C for 5 min. The 18S rRNA genes amplified by both PCR methods using ciliate-specific primers were purified by ethanol precipitation, ligated into the pT7Blue vector (Takara, Tokyo, Japan), and cloned into Escherichia coli strain DH5α. For all 10 transformants, the amplified 18S rRNA gene fragments were recovered from each colony by PCR using the T7 promoter primer and M13 Primer M4 (these primers target pT7Blue sequences that flank the insert). A total of 10 clones were picked of which 4 (CD) were used for direct PCR and 6 (CN) for nested PCR. The inserted fragments of these clones were sequenced using the BigDye Terminator Cycle Sequencing kit (Applied Biosystems, USA). Database searches for related SSU rRNA gene sequences were conducted using BLAST (NCBI).
The sequence of each clone, except that of CN2 which was not able to be determined, was highly similar to that of the ciliate 18S rRNA gene. CD1 was similar to Spathidium sp. (Z22931; 97% identical match), CD2 to the uncultured ciliate clone NPS05-139 (DQ115943; 97%), CD3 to the uncultured ciliate clone NPS20-14 (DQ115956; 98%), CD4 to the uncultured ciliate clone NPS05-43 (DQ115959; 97%), CN1 and CN3 to Gonostomum namibiense, (AY498655; 97% and 92%, respectively), CN4 to the uncultured ciliate clone PS20-71 (DQ115960; 95%), CN5 to Gonostomum strenuum (AJ310493; 98%), and CN6 to Orthamphisiella breviseries (AY498654; 98%). Based on this experimental data, the primer set with CS322F indicated high specificity and efficiency for the detection of ciliates. Since DNA extracted from the soil sample may contain a small amount of ciliate genomic DNA, the yield of 18S rRNA gene PCR products was very low (data not shown). Therefore, nested PCR was attempted, and the yield of ciliate PCR products increased. This increase in the yield of products did not affect the amplification of the 18S rRNA gene of non-ciliate organisms.
Kawachi et al. 12) identified by light microscope more than 45 species of ciliates in the same soil sample that we used.
Not all the sequences of tested clones matched their ciliates. This result suggests that other ciliate species which have not been identified exist in this soil sample. Fried et al. 6) reported a fluorescence in situ hybridization (FISH) technique based on 8 taxon-specific probes based for the identification and quantification of ciliates in microbial communities, and 4 primers designed especially for ciliates and used just for sequencing Glaucoma scintillans and Tetrahymena sp. The regions of these probes and primers in the 18S rRNA gene are different from the region of CS322F.
The results described have provided evidence that the PCR primer set CS322F and EU929R could be useful for detecting and identifying all ciliates in environmental samples. Furthermore, the primer sequence can be used in denaturation gradient gel electrophoresis to analyze the diversity and communities of ciliates in environmental samples.
The reported 18S rRNA gene sequences, i.e., CD1, CD2, CD3, CD4, CN1, CN3, CN4, CN5, and CN6 have been deposited under DDBJ accession nos. AB267481 through AB267489, respectively.
